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OBJBCOT! 


,y\  «*..  n-K-iflat  '"•  >  tliB  itudy  i»  to  rvnluat*  and  propose  a  tank 

fra  .i»pon  «yt«;  «hi,V  ‘  .xhlbit. 

t'-VitUntiM  of'  %.e  A  ■  ;,?ntly  »<*0pt5d  106m»,  T264  Sun. 
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SUMMARY 


(C) 


^An  armamer 


signea  to  provide  i\. 
to  provide  a  weapoi|. 
consists  of  a  105m.\j 
crus  ion  and  gun  ie: 
projectile  cape.blo  ^ 
armor  plate  at  S0;-  j  * 
inches  at  60°  at 
of  this  system  wilj 


system,  is  descriDed  ■*-»  -%h4b -raipnor-t  which  is  de¬ 
ceased  firepower  for  existing  medium  tanks  and 
'■system  for  future  generation  tanks.  The  system 
.'.smoothbore  gun  designed  to  minimi  ie  turret  in- 
i;th.  It  fires  a  discarding  sabot  kinetic  energy 
>f  penetrating  in  excess  of  five  i^y  inches  of 
bliquity  at  a  range  of  2000  yards  or  six  c&7"* 
iges  up  to  500  yards.  The  ammunition  complement 
include  HEAT,  HE  and  WP  Cartridges. 
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(c)  4, 

fired  or  wer 
mento 
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cited  and  te 
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JOKCLUSIOHS  AMD  RECOMMENDATIONS 

A  tank  gun '■ammunition  system  is  proposed  which  is 
rmor  penetration  capability  to  any  existing  tank  gun 


The  design  of  the  gun  provides  for  the  smallest  turret 
-my  gun  In  tie  medium  tank  class  and  consequently  permits 
urret  size  and  weight. 

The  proposed  gun  system  is  adaptable  to  the  recently 
1160  Tank  offering  increased  weapon  effectiveness. 

All  ammunition  types  proposed  are  presently  being  test 
recently  suspended  while  in  an  advanced  state  of  develop- 


It  is  recommended  that  a  prototype  gun  be  desired,  fabri- 
cod. 

It  is  reoommended  thi.t  further  studies  be  undertaken  by 
’e  agencies  to  adapt  the  proposed  system  to  existent  or 
cion  tanks. 
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INTRODUCTION 


(C)  1.  During  October  ^nd  November  1958,  a  aeries  of  exhat  itivs 

comparative  test*  wore  conducted  at  Aberdeen  Proving  Ground,  liar  land 
for  the  purpose  of  determining  the  most  suitable  gun  system  for  the 
XM-60  Tank.  The  result  of  these  tests  was  a  recommendation  tha  ,  "the 
105mm,  X15E8  Gun  be  considered  the  most  suitable  of  the  Candida's©  types 
considered  for  the  XM-60  Tank"  (Ref.  1,  pg  37). 


(C)  The  foil  owing  gun-ammunition  systems  were  evaluated  in  these 
comparative  tests* 


TABLE  I 


Armament  Systems  Evaluated  at  AFG  During  Oct  -  Nov  1958 


Gun 


Ammunition 


Caliber 


Designation 


Designation 


120mm 

120mm 

120mm 

120mm 

105mm 

105mm 

90mm 

90mm 


1468 

T123 

K68 

T123 

X15E8 

T254 

T208E9 

M41 


HEAT 

HEAT 

AP-T 

AP-T 

APDS-T 

APDS-T 

APFSDS-T 

HEAT 


T163E13 

T153E13 

M358E1 

M358E1 


T320E82 

T30GE53 


(C)  2.  The  smoothbore  90mm  T208  Gun  -  T320  APFSDS  "Arrow"  system 

i®rmilial  ballistic  characteristics  superior  to  the  recommended 

SfSrerb^'!m^hreVer  0ther  °onBido''  tions  such  as  the  accuracy  penalty 
incurred  by  the  high  gun  wear  rate  weighed  heavily  against  the  choice  of 

^«h8funm#  ?  *51  purpoBe  report  to  present  a  gun  system 

«^5hhnJly  wpl^B~^-^^_4efeating  poten+ial  of  the  arrow-type 
smoothbore  gun-projectile  system,  while  eliminating  itB  objectionable 
aspocta • 
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DISCUSSION 

(C)  1.  In  light  of  the  results  of  the  comparative  tasting  per* 

formed  at  Aberdeen  Proving  around,  the  need  for  an  armament  system 
which  retains  the  good  features  of  Ihe  105nm,  X15E8  Gun  and  yet  is 
capable  of  defeating  more  armor  is  clearly  evident.  The  system  pro- 
p°f*a  in  this  report  is  designed  tc  incorporate  discarding  ■iKarsHrf 
HEAT  ammunition  of  minimum  else  and  weight  for  ease  of  handling  and 
rapid  leading  to  minimise  time  to  hit.  The  gun  for  this  systsm  is 
designed  to  have  a  penetration  capability  greater  than  the  recently 
adopted  105mm  T254  Gun  while  the  turret  intrusion  and  consequent 
necessary  size  of  turret  is  reduced.  A  comparison  of  the  proposed 
system  to  various  existing  tank  gun  systems  is  shown  iu  Ihblo  II. 


TABLE  II 


Physical  Characteristics  of  Various  Medium  Tank  Gun  Sy» terns 


Designation 

Caliber 

(mm) 

freight 

(lbs) 

Length 

(ins) 

C.G,  from  rear  face 
of  Breeoh 

XM-  (proposed) 

105 

5012 

233.2 

40.0 

T264E2  (U.S.  v- *- 
sion  of 

105 

2492 

216.50 

62.9 

X15J58) 

T210 

106 

4315 

312.30 

75.1 

T208 

90 

3265 

276.38 

6B.6 

M41,  M3 6 

90 

2K0 

193.4 

66.  'j 

EUH  „lri  niEl‘ial  to  bo  fixed  in  th.  dMlgn  of  th. 

E  ,“ 9l00ity  ‘^••-fir.d  w.ight  for  the  dUoardlns  .abrt 

puter  to  calculate  Pressure  vs.  Travel^  &  nw.  J°6  °oa" 

roault.  Of  th...  oxlouL^hld  tjt 

r  .^h^-  and  th?r”by  a  Cmu  «“Pl*t*  round,  an  iLroa.o 

vn'lowr) ^  *  I''""*  f  6->0°0 

a"°od  by  the  ammunition.  Kiis^ressu^e  wh^oh,  0,n  ba 

quireuent  of  625  cu.  in  h?  a  L  .  ^ra.yieldad  a  oharab«*’  volume  re- 

stmts. 

S’0t*  "•*  2)  11  “PP-i-atai,  ooaflguratl 
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The  gun  design  for  this  proposed  system  utilise  the  autoi'  «•  t*ge  'flanu^ 
featuring  technique  and  a  gun  steal  with  a  160*000  psi  elastic  limit  to 
achieve  a  tube  of  minimim  weight  and  sis  a*  A  representative  breech 
mechanism  weight  cf  1200  lbs  was  chosen  from  various  existing  breeeh 
meohaniSBw  of  similar  size* 

(C)  5.  The  gun  configuration  which  resulted  from  these  oclculati'  ns 

offers  a  number  of  advantages.  Of  primary  importance  is  a  penetration 
capability  considerably  better  than  any  existing  gun  firing  an  APD3  round. 
Second  is  the  small  turret  intrusion  made  possible  by  a  center  of  gravity 
lonotion  closer  tr,  uie  breeoh  than  any  of  the  guns  compared  in  Table  II. 
Third,  the  detrimental  effect  of  high  erosion  rates  common  to  high  ve¬ 
locity  guns  is  reduced  by  autofrottage,  ahlch  hardens  the  bore  surface 
thereby  reducing  erosion,  and  by  the  crimination  of  the  stoep  forcing 
cone  which  experienced  the  highest  erosion  rate  in  the  smoothbore  T208 
and  T210  Guns.  Also,  the  delca-f inned  APFSDS  Shot*  described  later  in 
the  report,  is  not  sensitive  to  erosion,  resulting;  in  a  considerably 
longer  gun  life  than  the  smoothbore  guns  in  whioh  erosion  was  a  serious 
problem. 

(C)  4.  The  APFSD8  round  for  this  system  (Fig.  5)  is  based  on  a 

project lie  concept  presently  being  tested  in  a  supporting  research 
ptojoot.  This  pro  j  do  tile  has  exhibited  exo  el  lent  potential  in  x'iring 
teats  performed  to  date.  The  penetrator  'is  essentially  the  same  as 
that  of  the  90/40nus,  ¥320  and  the  106/40^1,  TS46  Arrow  projectiles . 

But  since  the  velocity  regime  of  the  prcvo3adliystea  is'  100  fps  higher 
than  that  of  the  90nm  Arrow  round,  penetration  potential  of  the  nee 
round  is  estimated  to  be  somewhat  superior  "to  that .  demonstrated  by 
the  latter. 

(0)  6.  This  djalta-f  inned  round  eliminates  deyelcjxaent  problaaa 

of  _Arrow  type  ammunition  in  th£ee  major  areas,  The  most  important' of 
these  is  the  detrimental  of feofc  on  aocuraoy  inourred  by  the  high  wear 
rate  cf  the  T208  and  T210  Guns.  It  has  been  established  in  firing  tests 
of  the„ Delta 'finned  shot  that  excellent  obturation  is  obtained  with  this 
r  ound  evonia_tubc^  iht  wher  e  cons!dehicble"1^Sa  in  obturation 

is  noted  in  an  Arrow  typo  round  (Fig.  4).  ‘Therefore,  even  if  a  relatively 
high  wear  rate  were  still  present  in  the  psrd-'osed  design,  the  effect  of 
this  wear  would  be  reduo ed  and  the  useful  lire  of  a  gun  -tube  increased 
considerably.  Ho  definite  figure  is  available  as  to  what  gun  life  can 
be  expeoted  with  this  round;  results  of  firings  to  dat*  indicate  that 
the  life  should  be  at  least  double  that  experienced  with  Arrow  type 
projectiles. 

(C)  C.  The  second  of  these  areas  is  the  problem  of  burning  of 
the  fins  and  consequent  loss  in  accuracy  experienced  during  the  Arrow 
development  program.  The  delta-fin  design  does  not,  expose  the  fins  to 
the  high  temperature  propellant  gases  *t  any  time  as  does  the  Arrow. 

Since  obturation,  is  at  the  pusher  plate,  the  fin  is  protected  from 


5 


CONFIDENTIAL 


mi,  mi  .  '  ~ ■-- . r--T^ i --—l -  .  V,  .■>  .i  .  ,„•*/ .h.-b» 

CONFIDENTIAL 


those  hot  gases.  Also,  a  /.In  of  the  Jyf3  is  specif  ioally  do- 

signed  for  t  fe^h-YP8 rsonio  flight  regime.  and  wilT  not  be  aaterially 
affected  by  aerodyhasdoXeating  while  in  flight* 

(C)  7.  The  third  superior  as jpeob  of  this  new  design  is  its  low 
aerodynamic  drag;  Ihe  aerodymmio  configuration  of  the  projectile  was 
designed  to  yield  *s  low  u  drag  boeffio lent  as  possible  wi thout  saori- 
fioing  flight  stability.  The  result  of  this  low  drag  is  a  markedly 
reduced  veloc ity« fall-off  rate  and  the  ability  to  deliver  to  the  target 
a  higher  percentage  of  the  available  muzzle  energy  than  way  other  dia~ 
oarding  sabot  shot,, 


(0)  8.  Using  the  existing  penetration  capabilities  of  the  pro¬ 

tection  ballistic  limits  of  the  Arrow  projectile  as  a  basis  for  esti¬ 
mating  the  performance  of  the  delta-fin  shot,  penetration  of  b  inches 
of  armor  plate  at  60°  obliquity  is  predicted  at  a  rang©  of  2000  yards 
and  6  inches  at  60°  obliquity  at  a  range  of  500  yards.  Defeat  of  the 
triple  spaoed  Tripartite  armor  configuration  is  estimated  to  be  marginal 
with  the  present  penetrator  configuration.  However,  a  program  has  been 
initiated  to  develop  a  penetrator  configuration  capable  of  defeating 
triple  spaoed  armor*  This  program  is  described  in  Paragraph  14* 

,  ;(C)  9.  Another  of  Ihe  major  problem  areas  common  to  ail  hyper - 

▼el^ty^aan^itiqn4s  that  of  determining  the  flight  path  of  $Ko — - 

round  in  the  event  of  a  target  miss.  This  1/s  accomplished  in  lower 
velooity  ammunition  by  msans  of  a  pyrotechnic  tracer  installed  in  the 
base  of  the  projectile*,  ,  Hew  ever  ,  the  use  of  a  tracer  for  sensing  a 
projeotile  having  flight  velocities  in  iiie  neighborhood  of  5000  ft./aoc. 
becomes  quite  diffiouit  due  to  the  short  tin*  of  flight.  Adding  to  this 
problem  is  the  obscuration  of  vis  ion  caused  by  the  dust  and  Bmoke  of  the 
muzzle  blast.  This  obscuration  is  of  such  a  degree  and  duration  that  if 
a  hit  is  not  made  on  the  target*  there  is  little  chance  of  sensing  the 
round  regardless  of  whether  a  tracer  is  employed  tr  net.  To  eliminate 
this  disadvantageous  condition,  it  is  proposed  to  incorporate  a  sensing 
system  in  the  106/40mm  Delta-finned  round  which  will  leave  a  persistent' 
trail  oapable  of  being  observed  from  the  tank  after  the  obscuratinp  smoke 
and  dust  has  cleared. 


VC)  10.  A  system  of  this  nature  is  presently  under  studv  at 
Pica  tinny  Arsenal.  Sensing  is  provided  by  a  smoke  trail  of  sufficient 
density  and  persistence  to  make  observance  along  the  trail  possible* 
iJ  Wil1  DOt  be  rsadily  observable  from  some  pcint  to  the  side 
°  *  dela^ja*oyisior*,  is  to  be  iuoorporated  in  the  round 

so  that  vhe  trail  will^ommence^  "at  a  point  some  40Q_or_5DO  yards  .  from 
the  gun  mirxle^thereb^reducXn^  observer  to  locate 

a  tank  firing  from  oonoealuent. 


(C)  11.  The  smoke  generator  will  be  installed  in  the  hollow 

BtMl  "f  «>•  f-roj.otil,.  (Fig.  5  J.  it  uonBi,to  of  . 
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liquid  whi<*h  will  provide  tmoke  of  the  proper  density  *ft»ea  brought 
into  contact  with  a&f  at  the  high  temperatures  produe^  |r  flight  d*:.e 
to  the  HaCK  number  temperature  rise.  This  liquid  is  meterod  through 
bleed  holes  at  the  base  of  the  wiidshield,  end  is  forced  out  of  the 
windshield  cavity  by  the  pressure  generated  by  allowing  ram  air  into 
she  front  of  the  cavity  through  a  hole  in  ths  {ioso.  Provision  will  be 
Bade  to  prevent  contact  of  the  pressurising  air  and  the  smoke  producing 
liquid,  Generation  of  -‘as  inside  the  windshield  cavity  epuld  result  in 
splitting  or  bursting  the  windshield  in  flight.  The  delay  provision 
s-ouVi  few-  j5|0''oa>plished  by  plugging  the  exit  holes  with  a  thermoplastic 
compound  which  will  melt  aftor  being  exposed  to  aerodynamic  heating  for 
a  period  of  approximately  a  1/4  second. 

(0)  12 .  The  HEAT  round  for  this  system  is  the  cartridge  presently 

u-der  development  for  the  105KK  3un,  T254>  namely,  Cartridge,  HEAT,  105H14, 
t.  84  vfigv  6;,  Although  the  T254  lun  is  t  rii'ldd  tube,  firing  of  the  T384 
from  a\  smoothbore  tube  would  present  ro  ieoign  problems  because  it  is  a 
fin  stabilised  configuration.  This  rounu  is  prea-intly  in  the  pi^ae 
of  devdloj^er^"'. 

(C)  13.  The  HE  and  W  projectiles  for  this  system  are  the  Cartridges, 
105101,  HEFS,  T344  and  105MM,  WPPS,  T343  respectively.  These  were  init* ally 
under  development  for  the  105MH  Smoothbore  Gun  ?2i0,  and  although  suspended, 
are  in  an  advaneed  stato  of  development  1% 

•  •  '  •  • 

(C)  14.  To  further  develop  the  potential  cf  the  proposed  uystem, 

the  results  ’rrograiw  aow  in  progress  can  be  integrated  into  the 

ori:  r-'kmn,  First  of  these  is  the  Combustible  cartridge  ease,  which 

would  offer  the  advent  egos  of  r.  smaller  and  lighter  complete  round,  no 
cartrilge  cases  to  dispose  of  and  fastar  loading  and  handling.  The 
t^ouu  program  is  an  investigation  of  a z^r^panatm tora  being  initiated 
on  a  scale-model  basis  irr  a  light  gas  gun  at  Picatimy  Arsenal.  The  aim 
of  this  investigation^ is  to  evolve  superior  a^rj^ebrat.ors  for  bcth 
single  and  spaced  amor  targets.  A  specific  goal  of  this  «£ale-model 
program  is  tc  develop  a  composite  penetnator  of  high  lan gth-tc -diameter 
ratio  capable  of  penetrating  a  t.-lple  spaced-armor  target  such  as  speci¬ 
fied  in  the  Tripartite  Agreements. 
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K  ''•oraparison  of  Tj>pi''al  Obturation  istica 

between  the  90M>.  Delta-Finnod  Round  and  tbs  ',j  .  H  T320 
Arrow  Round. 


TC'F:  Delta-Fin  (Shot,  FS,  Model  2)  T208E4  Tu.i%  tube 
round  #57.  N’ote  cmer^enr-e  of  round  before  b]*  it. 

BOTTOM:  Arrow  (T320E76)  tube  round  56. 
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FJ  gure  5 

In«;t«jHtloa  c:  a  3mo'k«  Generator  In  the  Windahitld 
of  Projectile  lor  Cartridge,  lCJ/iOEa,  APFSIid  IK- 
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